US011434750B2

a2 United States Patent (10) Patent No.: US 11,434,750 B2

Wu et al. 45) Date of Patent: Sep. 6, 2022
(54) DETERMINATION ON CASING AND (52) U.S. CL
FORMATION PROPERTIES USING CPC ... E21B 47/092 (2020.05); E21B 47/13
ELECTROMAGNETIC MEASUREMENTS (2020.05); G0O1V 3/30 (2013.01)
(358) Field of Classification Search
(71) Applicant: Halliburton Energy Services, Inc., CPC ........ E21B 47/09; E21B 47/092; E21B 47/13:
Houston, TX (US) E21B 7/10; E21B 43/30; GO1V 3/30

See application file for complete search history.

(72) Inventors: Hsu-Hsiang Wu, Sugar Land, TX (US); |
Weixin Dong, Sugar Land, TX (US); (56) References Cited

Jin Ma, Houston, TX (US); -
Christopher Golla, Kingwood, TX U.S. PATENT DOCUMENTS

(US) 8,528,381 B2  9/2013 Rodney et al.
8,749,243 B2 6/2014 Bittar et al.
(73) Assignee: Halliburton Energy Services, Inc., (Continued)

Houston, TX (US)
FOREIGN PATENT DOCUMENTS

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35 WO 2014172296 10/2014
U.S.C. 154(b) by 245 days. WO 2017030575 2/2017
(Continued)
(21) Appl. No.: 16/644,137

‘ OTHER PUBLICATIONS
(22) PCT Filed: Oct. 15, 2018

ISRWO International Search Report and Written Opinion for PCT/

(86) PCT No.: PCT/US2018/055926 US2018/055926 dated Feb. 25, 2019.
§ 371 (c)(1). Primary Examiner — Caroline N Butcher
(2) Date: Mar. 3, 2020 (74) Attorney, Agent, or Firm — Benjamin Ford; C.

T Law Group PLLC
(87) PCT Pub. No.: W02019/083762 urmey Law Group

PCT Pub. Date: May 2, 2019 (57) ABSTRACT
A method and system for detecting a conductive member in
(65) Prior Publication Data a formation. The method may comprise disposing an elec-
US 2020/0240061 Al Tul. 30, 2020 tromagnetic induction tool nto a wellbore, transmitting the

clectromagnetic field from the at least one electromagnetic
source, energizing the conductive member 1 a second
wellbore, wherein an eddy current 1s induced 1n the con-

Related U.S. Application Data ductive member, transmitting a second electromagnetic field

(60) Provisional application No. 62/577,602, filed on Oct. from the conductive member, wherein the second electro-

26, 2017. magnetic field 1s formed by the eddy current, sensing the

second electromagnetic field with the receiver, recording an

(51) Int. CL amplitude ot the second electromagnetic field as data, and

E21IB 47/092 (2012.01) transmitting the data to an information handling system. A

E2IB 47/13 (2012.01) system for detecting a conductive member 1n a formation
GO1V 3/30 (2006.01) (Continued)




US 11,434,750 B2

Page 2
may comprise an electromagnetic induction tool. The elec- 10,145,232 B2~ 12/2018 Wau et al.
tromagnetic induction tool may comprise at least one elec- 10,145,234 B2 12/2018  Bittar et al.
tromagnetic source and at least one receiver. The system 10,227,863 B2 3/2019 Wu et al.
may further comprise an information handling svstem 10,275,799 B2 42019 Roberson et al,
Y P 5 SYSICLLL 10,301,926 B2 5/2019 Bittar et al.
_ _ 10,310,135 B2 6/2019 Wu
18 Claims, 7 Drawing Sheets 10,344,571 B2 7/2019 Wau et al.
10,386,526 B2 82019 Wu et al.
10,408,041 B2 0/2019 Wu et al.
10,408,963 B2 9/2019 Wu et al.
_ 10,436,930 B2 10/2019 Wu et al.
(56) References Cited 10,465,504 B2  11/2019 Gao et al.
_ 10,508,533 B2 12/2019 Wu
U.s. PATENT DOCUMENTS 10,539,004 B2 1/2020 Wu et al.
| _ 10,539,534 B2 1/2020 Amineh et al.
8,844,648 B2 9/2014 Bittar et al. 10,557,960 B2 2/2020 Wu et al.
8,917,094 B2 12/2014 Buttar et al. 10,563,501 B2 2/2020 Cooley et al
_ 563, y et al.
2,115,569 B2 &/2015 Tang et al 2013/0193956 Al 82013 Yarbro ef al
9,506,326 B2 11/2016 Hay et al. N K R . *
9 675 605 B? 4/2017 San Martin et al. 2015/0338541 Al 11/2015 Nl_chols et al.
9:752:426 2% 0/2017 Wu 2016/0047224 Al* 2/2016 Wilson ................ E21B 43/2406
0,874,085 B2  1/2018 Wu et al. 1'75/45
9,879,521 B2 1/2018 Wu et al.
9,903,195 B2 2/2018 Wu et al. FOREIGN PATENT DOCUMENTS
9,958,567 B2 5/2018 Golla et al.
10,001,006 B2 6/2018 Donderici et al. WO WO-2017127060 A1 * 7/2017 ..., GO1V 3/30
10,119,389 B2 11/2018 Donderici
10,139,515 B2 11/2018 Golla et al. * cited by examiner




. ¢

US 11,434,750 B2

Sheet 1 of 7

Sep. 6, 2022

U.S. Patent

wk b bk b b e b e

~aT .o - - WA ) ..rn.ﬂ.._.‘- . o
B L - . F v n ! . \\\ ’ .
.1.\\\\.. T ..q.._..-._-.- .n...._.. M. W 1._.\..._-._......_....”. ._,..”. - .._.a......_._ .

___-__.:-._—-.__1 1

el

gl -mu

.._....__. In ”
._____“.._".jﬂ.u i
L_.-.n.-.._f-l._
M,

Yo,




US 11,434,750 B2

Sheet 2 of 7

Sep. 6, 2022

U.S. Patent

-
=
-




US 11,434,750 B2

Sheet 3 of 7

Sep. 6, 2022

U.S. Patent

1.025

(W) Aansisay

M

r
1
F
F
]
[ ]
3
L3
L]
L]
1
L]
L]
1

A

L T T i e T T T P T T P T T T

O
oD
= i OO

. A e e M - .. . Ll . .
il Lot T »

....
Mok 25

L ’ .
o o o e A

e nly i

B KKk da
.- .._..”.._.........__............._..........

1.85

MD (ft)

FIG. 3

P e .omr
s wmd raoaoaa



US 11,434,750 B2

Sheet 4 of 7

Sep. 6, 2022

00y ™\

00064

008'8L 009'8f 00v8L 0028F 0008

000'61

U.S. Patent

.r ....-_.l_-l._-t..ﬂi.l.._-..-......_-l.--.-._-_rli_-_.
...................................
. __.r.-:n_-h.!l-__-_u_r-.ll.-..-_a_-_i_r.lﬂ_-_l_rl iiiiiiiiiiiiii

0098} 008} 0028l

.......................
-----------------------------------
1.itﬂuﬂnnuﬂui‘t-l-Jnﬁiﬁ-!n!}ﬂ-m-rb-bblw LA LA A .JHJHJHJ¢JH¢11H ........

oomﬁwr 009'8L 00v'8L 0028}

009'8L 00¥8L 0028}

- I
L] ‘..t"‘.“\ [ 3 -
iiiii 'I.'l..lhlll..l. .I.l..l..il...l..l_...l.-_l.
LK

» Illiiirflmil

."..I._ Py I..-.l.‘.-l.."...%‘....l..."‘i..'..
..1.."' ".-.III."'. lllllllll ".."l.‘.ﬂl

y II4

008°ZL 009°ZL 0Q0F'ZL 002ZL 000/l

. .‘l'... T T
vaanwryd g : s RS
LX) [ - 'TLISEREFRFY a FETTL Tkl L L KRRl
lllllllllllllllllllll
ALy ...__....m_ ---------

008°ZL 009°ZL O0OFLZL 002/LL 000.Ll

LRI AAAAL AR
L]

e
lllll
. i
-----------

008°ZL 009°ZL 00vZL 002ZFL 000.L

008°ZL 009°ZL OQO0¥ZL 002°ZL 000°Ll

0v-

0¢-

0 0344
0¢

07

O~

0¢-

0 0344
0¢

iy

0~

0¢-

0 €034
0¢

0

e
0¢-
0 ¢°034d

107

OV

0%~
0¢-

astaetnd 0 17034

0¢
O



U.S. Patent

pmd mila

:I-l

ﬁﬁ- | f
WOV D gngnoa. |

N -

_ LR

! * & ."",JF L %1a

1 SR P CONR T € P L
g LASRIESL D i

e 6

100

P
#‘..“,ﬂlh-
o

L —

EAANARERFRERRRFA AR R YL }
ot L)

e, B
# [} AR
By o - .

P S o
ry e

PRl
ey

T

-;:’_1

P
I*l
v

r
T
%

w
*
[

'
-
[ ]

W .
: ‘!‘-i:}'
T
- ul:." .
AN Red1 T N

]

=

dal

. r a8
=

23 WP g

lqtllll'l'l-'l_-ft-l_til;...l :

iy
ﬂ LI

a,

=
Ty

v

: 1 A %
.I ' L
. ! N % L L] ) ¥
. - a o - . 3 ami L] * _.:' "'-.'ﬁ.."' . ]

. ' .-h L
[T L L
PP L P F

-
L L
',..'l- :l'.-

50

FREQ. 1

Sep. 6, 2022

s imrntarurnigintatpginialgTntaly
. L

*

Sheet 5 of 7

. .. MY O DL Ty 1
PRI Ll Lo L 3

- o L Bl LY
L ! ._-... ’ .'-.‘1"4‘-_:‘.

Ly

.l";":i_.‘wl-" LY

19,000

985° °

A A JORT €S

&y .
= nF

000

19,

r
T
'y

3

)
!.l'!'*"

l.‘

e e

e AT P
= L S . phily .
J.IJ!‘IIH_F.-_Lt ATIRIRIRIERIG

< aja e

18.800

r
rh
-

.,r
e 8p F. T A o

TS
*m

o L] an
IR L L F X ¥ ™

- - g Wy
gl ] il
e

a-‘d"'
-y

] | ‘.- o

.f?i‘ .. ..
e -!l Y r

sTE At an e Y

L) Y,
_'r ] 'h-.'-..\.‘_llh l_--'

X S
H‘H"

T
LIyt l!

L
Sl By

o

u 1 ]
atr,

L W
*e

o ey U
Bl TR T

W
]
T
"
L3
Lines
£
gl
& 91
& B XY

-
gy

'-'.-‘-.‘ L ]
" ]
o RaRe L T AN Y

L]
»
'l.
o KRN

ri o

L i."n",."_;q.q Fepy

%
2
3

— 4 ‘_.1
-'"_‘.-";.r‘;q'q LA ELT

_o¥

Fa
e - By ”
oy AR Nl L

aa

»
&
-

-

g I 2 e
= O

;'l'i-_‘,ﬂ'z-i.?':.f
| oo
n i v
R O
3 <O
oo
W

. i [ 1Y
»-

a

2 (O
i I
3 ﬁ;
333

e an-

e

Pl mpy, _ ot RiTd A rgen gy

18,200

o o A

- . L L 'l-n,

LI e i

&

LY FrLLY ]

S

-
L1

.r._l!-;

o
il Ll

- fi-
ol ¥ | .:f‘lr‘i
WAk

A b ARy

17,800

- 4"
oty . s e
et [ W ML
- ' L N
ot '--.f"l"‘" "= t":'.‘

’
W

17,400

l't-r
L]

L

Gacoondf LW
- awntagatupgetdag it

3

. -
L L LT e
LR L L F L N

- l.l‘_:

I E TS

17,200

e L

1] L UL LT

-
il

Y
retl™

A9 pranafdidt N AEqqapgqnidnfdany

17,000

-

0
100

FREQ.4 .

US

11,434,750 B2

EOLLELY LT
A i
] W LR

-
(>
<3

T, 3y y
LT TN L

. .
‘_n-'.'.‘ "‘"
[ 4

gk -
npe g1l AL
L |
P L
el

o

18,600

T s S P K Nty AT o O W a1
".'-.* -.'."ll"-. -m -r-.i'“‘.l.‘f‘-';‘ ..-lllllh'l'lllq-’--i"-

L NS

18.400

18,000

al
-

T
‘..t p -:'_"'

wy
. oad

-

.y .

18.200

PR LY Y e

i
A -

e W e
R

r - . -

. it
a8

17,800

wRa,

-
L N

L

(-]
L .
r Nre ': } .FIE?',."‘
£
t-'.l-l -l-'a-.--hl'h F

=
3

. -‘_“I."'-l
- “I. L ',
% :"-'.:._

) I

17,600

L

o T

. . LB F ]
! i i ] '.:-1'*."-'1 laey, -, 'I".*: ..‘.'4-. A

17,400

k]
AddPury l.‘.'.

' #!'m

‘ -y '._"h e -"..‘-_H‘h“'

saridxEng

-
!
N
P
oy

(=]

.
L]
'

b

]

L ]

1

L]

&

r

LR L F )

-~

17000

'-ﬂ-I"-"'-
phie it

Y ‘ J
"". g ,‘?;":u A

[
o

100

o
,._"h
)

k-

-
i
.-
-
]
-
-
. -
=
"
- .
-
- -
-
- .
ak
[
-
-
Fl
L
-
»
-
E ]
-

*

{

sk
IR

)

8
4 .
fo O
H v ~
—
L

2\

-
- R

i

a

¥ I'.‘ 4
-

|
L]
T,

]
'-J‘l N

*
PRl
R

1"'* ]
T

Ak

o

- ™
Bl - M,
'y ..'Ihilhff
PAN N b s L

-
.
%

¥

yi4
AT

4

o O
3
1:"::.- m

..*

v ﬂ-
"

r'lr.. -

i e
L]

| K ;
LLE L R BT F Pt

slipgepa=rnh

— My -

I'...t. . )
:;"-‘:1--.
¥



US 11,434,750 B2

Sheet 6 of 7

Sep. 6, 2022

U.S. Patent

o.ﬂoo,,mw 008'8L' 0098F 00v8L 00C8L 0008L O008'ZF 009/F 0QOV.IL 0021 oooﬁw

3 1:......' .l..‘. " .-.‘_
E= 1 R A Iy M A, P A
. oy B w Ty . P e r e oy, ey
A ol i._.ﬂ..! = T Yy _..Ti !l.ﬂ.tﬂﬂ..ﬂ.ﬂ“dl .-.ﬂi_-...-_..ﬂ._r ; - ., .-_.l._...__._a_'th._._i lti....—iﬂ.ﬂtr AL 2 o L e oy -
PRI UL EACE 0 T Ty . Tauh » * Ny ’ ey o et )
NN TN s B S E . R WP i DR L AN A Sty o atei. g ymarmﬁn *c
[T ™ - UL aty PRI . ol uWT oy ] = P -y
: NREANE LR, At TEF 3 0 idan, N RSN T
L | ro- . ..‘ n [ . l_‘. = ke ] Y ._ - I..l I
& » [ Lot O P lud N el I A # -, ok Pl
BT e Tt ﬂuuuilﬂﬂﬂuuli f v
F ]

'y h -t . e . '
- d .u.- ) ‘u“i“_. A i o Bt . I .. \ ?.E.."‘ Y .l E - ..l‘ I'.‘...-. ||."|r-. ] .
: . h..h....w_._w.ﬂ_........l.. s W, . 1..nﬂ.u-.u._.11i_.._ﬂiﬂﬂu_h¢_.1bﬂdnaa__-.,._...___._.. L P i PRI : . .
. - L £ Lge ‘.—_.I...I - J...l.q'—.‘ .-.... . T T & . T )
) T . _I.I.i.-_.l :

________________________________________________ GLL
000 61 oow“wwm 00981 00V 8L 0028F O0008L 008ZF O009/f O00FZL 00211 00011 ”

e : I-.___-.,-._. OQ P-
“___..ﬂliu...i. . -_-.- R AT X
. . ;

—— -
. . . .. . . e - uay N | ar . i
" . e . . : ' : Al i nght o g Sl iihﬂ..ﬂﬂliil!f!

) L T ’ e i
) L . . . YT I .I..-..I..n_.ﬂ L . - .I..I.I.l.!.li . T4 Lt .
v gl -.u; ., iﬂ-:-mr AN T LYY YY L L L AL . A Jp- W
. . g ; Ll " . . .. . - L

a D lfﬁf I._-_....H_II ) - " lili . . . o - ar bl ﬂﬂ.“l.lﬂ..ﬂ_h..l h-_:.
. l_l_.l.i‘llll....l prem SO T oy o kR ..i..i.ﬂ...iﬂﬂ.'l..l.l.' ¥
. : ' S B AR YT T L T Y L LA AL .

. -.Iillllllf-.lll!i.il.-_ii

000'6L 008'8L' 009'8L 0OV8L 00Z26L 000'8L 008ZL 009/ZL O00VZL 002/ZL 000 t.

-.-“WJ . 1.}_.__,11
Ly LA .-.._._!..-._lr .__._._m__.. »
» . ____.-_.“l ‘5 e
. gk & . i i
I.Il.l » lli_.-_l vl .|I.I._.I...._._._-... ldrll_--.lili
wlLLE T » - 2l ot . - g W Ry
Y hnuding . “a ¥ Al ) -qt-tiiﬁniinlrtitli _._.u:.___r-__-_ nw a2t hy Fleg™ LA
Ly e 3 - ™ ' »
el LA A " . A TS v ._-__.'_.1_1.-__.__ -...___-__.:.__.._-l.rt_-_.l_-_ . ....-_-_-___._-.._it-._.._-_-__-_l.-_-_... .2 bt hd_-_ .............. 4l

Ry R O . ON_. LR
| ﬂ o
___________________ R A A i i A, A A A A A A e
0po6L 0088L; 0098l 00V8L 0028 0008L 0084t 0094 O00vZh 002z 00021
N : 001

“ I_I - 3.1 m
L} » )
[ ] L - - :
- & - )
[ ]

'y, : . X ] e ] 0D L .-_ h:ll#l:wﬂllh.l!

l..‘.

-Jarrtrrmaf " T L
iy . . ahe |4 a - i +*
il.._.__._._.. _ ' S FFFrrrL

) glia’
091

1)) wrrdRaay, kR
LT ekt Y ey T A A O ey P T T T L TS T ALY ALY L et L LY T LTI T
) ) s y y i T T ) ) ) -_I...'.“.‘...‘I.'- .
TPk reay F it
LA I A LETTL

00061 008'8L! 0098l oowm_ 00c'8L 0008l 008ZL 009.ZL O0O0V.ZL 00Z.L ooo b‘

N

omr } 034
Obi
041

ey J ]
LR

| ¥
iy
i




U.S. Patent Sep. 6, 2022 Sheet 7 of 7 US 11,434,750 B2

S~ 702

XX-YY | LARGE
7

YES

/04
URVEY SHOW OTHER NEARBY WELL

YES

/06

TRIGGER CASING INDICATOR, SWITCH
1D INVERSION TO 3D INVERSION

. Y 108
RUN 3D INVERSION TO INVERT BOTH
FORMATION AND CASING PROPERTIES
| 710

USE INVERTED CASING POSITIONS
T0 CORRECT SURVEY UNCERTAINTY

FIG. 7




US 11,434,750 B2

1

DETERMINATION ON CASING AND
FORMATION PROPERTIES USING
ELECTROMAGNETIC MEASUREMENTS

FIELD

The present disclosure relates to downhole electromag-
netic induction tools and, more particularly, to apparatus and
methods for detecting conductive members with the elec-
tromagnetic induction tool. As disclosed herein, the term
“electromagnetic mnduction tool” denotes any electromag-
netic tool which works at least 1n part based on induction
principles. The term “electromagnetic induction tool™ 1s not
intended to limit the application to subterranean formation
resistivity measurement and specifically includes ranging
applications, where a distance and/or direction to a second
wellbore may be calculated.

BACKGROUND

In well operations, 1t may be desirable to survey the
formation for secondary wellbores using a downhole tool
disposed 1n the wellbore. One type of downhole tool 1s an
clectromagnetic induction tool that may be used to make
measurements of the electrical resistivity of earth formations
penetrated by a wellbore or make measurements of distance
and direction to a second well. Electromagnetic induction
tools may be used in logging-while-drilling/measuring-
while-drilling operations, electromagnetic ranging, wireline
logging, and permanent monitoring systems, among others.
Electromagnetic induction tools, or mstruments, may typi-
cally comprise at least one electromagnetic source and at
least one receiver. The electromagnetic source(s) and rece1v-
er(s) may be disposed on a tubular, such as a bottom hole
assembly, mandrel, or casing joint. The electromagnetic
induction tool may be mmplemented to determine the dis-
tance and direction to surrounding wells. Additionally, the
clectromagnetic induction tool may be disposed 1n a well-
bore for the purpose of mnvestigating electrical properties of
subterrancan formations and wells adjacent the wellbore. An
clectrical property of interest may be the electrical conduc-
tivity of particular portions of the formation. An alternating,
current having at least one frequency may be conducted
through the electromagnetic source(s). The alternating cur-
rent may induce eddy current to tlow within the surrounding,
subterrancan formations or 1 adjacent well casings. This
eddy current 1n turn may induce voltages in the receiver(s).

BRIEF DESCRIPTION OF THE DRAWINGS

These drawings 1llustrate certain aspects of some
examples of the present disclosure, and should not be used
to limit or define the disclosure.

FIG. 1 1s a schematic illustration of an electromagnetic
induction tool 1n a wellbore;

FIG. 2 1s another schematic illustration of an electromag-
netic 1nduction tool 1n a wellbore;

FIG. 3 1s a graph of an inverted formation resistivity
model;

FIG. 4 1s a graph of an mterrupted relative formation bed
azimuth;

FIG. 5 1s a graph of a 1D fitting error 1n signal processing;

FIG. 6 1s a graph of amplitude compared 1n the XX and
YY directions; and

FIG. 7 1s a flow chart of conductive member detection
using resistivity measurements.
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2
DETAILED DESCRIPTION

This disclosure relates generally to electromagnetic
induction tools and, more particularly, to determining 1n situ
and/or during post processing distance and direction to at
least one wellbore which may include a conductive tubular
member (€.g., a casing). The electromagnetic induction tools
may be used 1 a number of electromagnetic induction tools
operations, such as measuring-while-drilling (MWD), log-
ging-while-drilling (LWD), wireline logging, and permanent
monitoring operations. Specifically, this disclosure relates to
ultra-deep electromagnetic resistivity logging tools detect-
ing other wellbores with conductive tubular members 1n
complex formation. For example, tubulars, which may be
conductive, may be disposed within the drill collar on a
bottom hole assembly, a wireline tool mandrel, and/or
permanently installed production casing. For brevity, the
metallic tubular will be referred to as a tubular below.
During drilling operations or logging operations 1t may be
beneficial to know the location of other wellbores. When a
tubular 1n a wellbore may be within the detection range of
an ultra-deep electromagnetic tool, a sudden signal variation
may be seen 1n measurement. The sudden signal variation
may be viewed as an “interrupted formation model” during
iversion procession, which may be undesirable because 1t
may be geologically unrealistic. Current technology and
operations may disregard and/or remove this data. However,
this type of signal change may be used to detect a tubular 1n
another wellbore. This may alert a dnlling operator to
another wellbore 1n an o1l field. Furthermore, such signals
may be used 1n a robust mversion to determine formation
properties & bed-boundary positions, casing properties, and/
or locations of tubulars 1n a wellbore.

Systems and methods of the present disclosure may be
implemented, at least 1n part, with an information handling
system. An information handling system may include any
instrumentality or aggregate of mnstrumentalities operable to
compute, estimate, classily, process, transmit, receive,
retrieve, originate, switch, store, display, manifest, detect,
record, reproduce, handle, or utilize any form of iforma-
tion, intelligence, or data for business, scientific, control, or
other purposes. For example, an information handling sys-
tem may be a personal computer, a network storage device,
or any other suitable device and may vary in size, shape,
performance, functionality, and price. The mformation han-
dling system may include random access memory (RAM),
one or more processing resources such as a central process-
ing unit (CPU) or hardware or software control logic, ROM,
and/or other types of nonvolatile memory. Additional com-
ponents of the information handling system may include one
or more disk drives, one or more network ports for com-
munication with external devices as well as various input
and output (I/0O) devices, such as a keyboard, a mouse, and
a video display. The information handling system may also
include one or more buses operable to transmit communi-
cations between the various hardware components.

Alternatively, systems and methods of the present disclo-
sure may be implemented, at least in part, with non-transi-
tory computer-readable media. Non-transitory computer-
readable media may 1nclude any instrumentality or
aggregation ol mstrumentalities that may retain data and/or
instructions for a period of time. Non-transitory computer-
readable media may include, for example, storage media
such as a direct access storage device (e.g., a hard disk drnive
or tloppy disk drive), a sequential access storage device
(e.g., a tape disk drive), compact disk, CD-ROM, DVD,
RAM, ROM, eclectrically erasable programmable read-only




US 11,434,750 B2

3

memory (EEPROM), and/or flash memory; as well as com-
munications media such wires, optical fibers, microwaves,
radio waves, and other electromagnetic and/or optical car-
riers; and/or any combination of the foregoing.

FIG. 1 1illustrates an electromagnetic induction tool 100.
Specifically, FIG. 1 shows an electromagnetic induction tool
100 for ranging. As illustrated, a first wellbore 102 may
extend from a first wellhead 104 into a subterrancan forma-
tion 106 from a surface 108. Generally, first wellbore 102
may 1nclude horizontal, vertical, slanted, curved, and other
types of wellbore geometries and orientations. First well-
bore. 102 may be cased or uncased. A conductive member
110 may be disposed within first wellbore 102 and may
comprise a metallic material that may be conductive and
magnetic. By way of example, conductive member 110 may
be a casing, liner, tubing, or other elongated steel tubular
disposed 1n first wellbore 102. Determiming the position and
direction of first wellbore 102 accurately and efliciently may
be required 1n a variety of applications. For example, 1t may
be desired to avoid collision with first wellbore 102 in
drilling second wellbore 112 or it may be desired to drll the
second wellbore 112 parallel to first wellbore 102, for
example, 1n SAGD applications. In examples, first wellbore
102 may not be accessible and/or information about the
position and structure of first wellbore 102 may not be
available. Flectromagnetic sensor system 100 may be used
for determining the location of first wellbore 102, which
may be further 1dentified as a “target wellbore™ with respect
to second wellbore 112.

With continued reference to FIG. 1, second wellbore 112
may also extend from a second wellhead 114 that extends
into subterrancan formation 106 from surtace 108. Gener-
ally, second wellbore 112 may include horizontal, vertical,
slanted, curved, and other types of wellbore geometries and
orientations. Additionally, while first wellbore 102 and sec-
ond wellbore 112 are illustrated as being land-based, it
should be understood that the present techniques may also
be applicable 1 offshore applications. Second wellbore 112
may be cased or uncased. In examples, a drill string 116 may
begin at second wellhead 114 and traverse second wellbore
112. A drill bat 118 may be attached to a distal end of drll
string 116 and may be driven, for example, either by a
downhole motor and/or via rotation of drll string 116 from
surface 108. Drill bit 118 may be a part of bottom hole
assembly 120 at distal end of drill string 116. While not
illustrated, bottom hole assembly 120 may further comprise
one or more ol a mud motor, power module, steering
module, telemetry subassembly, and/or other sensors and
instrumentation as will be appreciated by those of ordinary
skill in the art. As will be appreciated by those of ordinary
skill 1n the art, bottom hole assembly 120 may be a mea-
surement-while drilling (MWD) or logging-while-drilling
(LWD) system.

While FIG. 1 illustrates use of electromagnetic induction
tool 100 on drill string 116, 1t should be understood that
clectromagnetic induction tool 100 may be alternatively
used on any type of conveyance, further discussed below. In
examples, electromagnetic imnduction tool 100 may be used
in conjunction with imformation handling system for deter-
mimng the distance and direction to first wellbore 102.
Systems and methods of the present disclosure may be
implemented, at least i part, with information handling
system 122. Information handling system 122 may include
any instrumentality or aggregate of instrumentalities oper-
able to compute, estimate, classily, process, transmit,
receive, retrieve, originate, switch, store, display, manifest,
detect, record, reproduce, handle, or utilize any form of
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information, intelligence, or data for business, scientific,
control, or other purposes. For example, mmformation han-
dling system 122 may be a personal computer 124, a
network storage device, or any other suitable device and
may vary in size, shape, performance, functionality, and
price. Information handling system 122 may include random
access memory (RAM), one or more processing resources
such as a central processing unit (CPU) or hardware or
software control logic, ROM, and/or other types of nonvola-
tile memory. Additional components of the information
handling system may include one or more disk drives, one
or more network ports for commumication with external
devices as well as various 1mput and output (I/0) devices,
such as a keyboard 126, a mouse, and a video display 128.
Information handling system 122 may also include one or
more buses operable to transmit communications between
the various hardware components.

Alternatively, systems and methods of the present disclo-
sure may be implemented, at least in part, with non-transi-
tory computer-readable media. Non-transitory computer-
readable media 130 may include any instrumentality or
aggregation ol mnstrumentalities that may retain data and/or
instructions for a period of time. Non-transitory computer-
readable media may include, for example, storage media
such as a direct access storage device (e.g., a hard disk drive
or floppy disk drive), a sequential access storage device
(e.g., a tape disk drive), compact disk, CD-ROM, DVD,
RAM, ROM, electrically erasable programmable read-only
memory (EEPROM), and/or flash memory; as well as com-
munications media such wires, optical fibers, microwaves,
radio waves, and other electromagnetic and/or optical car-
riers; and/or any combination of the foregoing.

In examples, information handling system 122 may com-
municate with electromagnetic induction tool 100 through a
communication line 132 disposed 1n (or on) drill string 116.
In examples, wireless communication may be used to trans-
mit information back and forth between information han-
dling system 122 and electromagnetic induction tool 100.
Information handling system 122 may transmit information
to electromagnetic induction tool 100 and may receive as
well as process information recorded by electromagnetic
induction tool 100. In addition, electromagnetic induction
tool 100 may include a downhole information handling
system 134, which may also be disposed on bottom hole
assembly 120. Processing may be performed at surface with
information handling system 122, downhole with downhole
information handling system 134, or both at the surface and
downhole. Downhole information handling system 134 may
include, but 1s not limited to, a microprocessor or other
suitable circuitry, for estimating, receiving and processing
signals received by electromagnetic induction tool 100.
Downhole information handling system 134 may further
include additional components, such as memory, mput/
output devices, interfaces, and the like. While not illustrated,
bottom hole assembly 120 may include one or more addi-
tional components, such as analog-to-digital converter, filter
and amplifier, among others, that may be used to process the
measurements of electromagnetic induction tool 100 before
they may be transmitted to surface 108. Alternatively, raw
measurements from electromagnetic induction tool 100 may
be transmitted to surface 108.

Any suitable technique may be used for transmitting
signals from bottom hole assembly 120 to surface 108,
including, but not limited to, wired pipe telemetry, mud-
pulse telemetry, acoustic telemetry, and electromagnetic
telemetry. While not illustrated, bottom hole assembly 120
may include a telemetry subassembly that may transmit
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telemetry data to the surface. An electromagnetic source in
the telemetry subassembly may be operable to generate
pressure pulses in the drilling fluid that propagate along the
fluid stream to surface 108. At surface 108, pressure trans-
ducers (not shown) may convert the pressure signal into
clectrical signals for a digitizer 136. Digitizer 136 may
supply a digital form of the telemetry signals to information
handling system 122 via a communication link 132, which
may be a wired or wireless link. The telemetry data may be
analyzed and processed by information handling system
122.

In examples, electromagnetic induction tool 100 may
comprise an electromagnetic source 138 and/or a receiver
140. It should be noted that electromagnetic induction tool
100 may comprise a plurality of electromagnetic sources
138 and/or a plurality of receivers 140. The plurality of
clectromagnetic sources 138 and the plurality of recervers
140 may be disposed along a longitudinal axis of the
clectromagnetic induction tool 100. As disclosed, the con-
cepts that are described herein are valid for any type of
clectromagnetic source 138 and receiver 140. As an
example, wire antenna, toroidal antenna and/or azimuthal
button electrodes, transmitter coils, and/or receiver coils
may also be used 1n the place of the electromagnetic source
138 and/or the receiver 140. During operation electromag-
netic source 138 may emit an electromagnetic field. The
clectromagnetic field may energize conductive member 110
of first wellbore 102, which may produce an eddy current
within conductive member 110. The eddy current 1n con-
ductive member 110 may 1n turn emit a secondary electro-
magnetic field, which may be sensed, measured, and/or
recorded by receiver 140. Information recorded by receiver
140 may be sent to downhole information handling system

134 and/or information handling system 122 disposed on
surface 108. The information may be further processed at
downhole mformation handling system 134 and/or informa-
tion handling system 122.

Any suitable technique may be used for transmitting
signals from electromagnetic induction tool 100 to surface
108, including, but not limited to, wired pipe telemetry,
mud-pulse telemetry, acoustic telemetry, and electromag-
netic telemetry. While not 1llustrated, bottom hole assembly
120 may include a telemetry subassembly that may transmat
telemetry data to the surface. An electromagnetic source in
the telemetry subassembly may be operable to generate
pressure pulses in the drilling fluid that propagate along the
fluid stream to surface 108. At surface 108, pressure trans-
ducers (not shown) may convert the pressure signal into
clectrical signals for a digitizer 136. Digitizer 136 may
supply a digital form of the telemetry signals to information
handling system 122 via a communication link 133, which
may be a wired or wireless link. The telemetry data may be
analyzed and processed by information handling system
122. For example, the telemetry data could be processed to
determine location of target wellbore 102. With the location
of target wellbore 102, a driller could control bottom hole
body 120 through geos-steering while drilling second well-
bore 112 to intentionally intersect target wellbore 102, avoid
target wellbore 102, and/or drnll second wellbore 112 1n a
path parallel to target wellbore 102.

FIG. 2 illustrates another example of electromagnetic
induction tool 100. As 1llustrated, electromagnetic induction
tool 100 may be attached a vehicle 204. In examples, 1t
should be noted that electromagnetic induction tool 100 may
not be attached to a vehicle 204. Electromagnetic induction
tool 100 may be supported by rnig 206 at surface 208.
Electromagnetic induction tool 100 may be tethered to
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vehicle 204 through conveyance 210. Conveyance 210 may
be disposed around one or more sheave wheels 212 to
vehicle 204. Conveyance 210 may include any suitable
means for providing mechanical conveyance for electro-
magnetic induction tool 100, including, but not limited to,
wireline, slickline, coiled tubing, pipe, drill pipe, downhole
tractor, or the like. In some embodiments, conveyance 210
may provide mechanical suspension, as well as electrical
connectivity, for electromagnetic induction tool 100. Con-
veyance 210 may comprise, in some instances, a plurality of
clectrical conductors extending from vehicle 204. Convey-
ance 210 may comprise an mner core of seven electrical
conductors covered by an insulating wrap. An inner and
outer steel armor sheath may be wrapped i a helix 1n
opposite directions around the conductors. The electrical
conductors may be used for commumnicating power and
telemetry between vehicle 204 and electromagnetic induc-
tion tool 100. Information from electromagnetic induction
tool 100 may be gathered and/or processed by information
handling system 214. For example, signals recorded by
clectromagnetic induction tool 100 may be stored on
memory and then processed by electromagnetic induction
tool 100. The processing may be performed real-time during
data acquisition or after recovery of electromagnetic induc-
tion tool 100. Processing may alternatively occur downhole
or may occur both downhole and at surface. In some
embodiments, signals recorded by electromagnetic induc-
tion tool 100 may be conducted to information handling
system 214 by way of conveyance 210. Information han-
dling system 214 may process the signals, and the informa-
tion contained therein may be displayed for an operator to
observe and stored for future processing and reference.
Information handling system 214 may also contain an appa-
ratus for supplying control signals and power to electromag-
netic induction tool 100.

Systems and methods of the present disclosure may be
implemented, at least in part, with mformation handling
system 122. While shown at surface 208, information han-
dling system 122 may also be located at another location,
such as remote from borehole 224. Information handling
system 122 may include any instrumentality or aggregate of
instrumentalities operable to compute, estimate, classily,
process, transmit, receive, retrieve, originate, switch, store,
display, manifest, detect, record, reproduce, handle, or uti-
lize any form of information, intelligence, or data for
business, scientific, control, or other purposes. For example,
an information handling system 122 may be a personal
computer 124, a network storage device, or any other
suitable device and may vary 1n size, shape, performance,
functionality, and price. Information handling system 122
may include random access memory (RAM), one or more
processing resources such as a central processing unit (CPU)
or hardware or soiftware control logic, ROM, and/or other
types of nonvolatile memory. Additional components of the
information handling system 122 may include one or more
disk drives, one or more network ports for communication
with external devices as well as various input and output
(I/0) devices, such as a keyboard 126, a mouse, and a video
display 128. Information handling system 122 may also
include one or more buses operable to transmit communi-
cations between the various hardware components. Further-
more, video display 128 may provide an image to a user
based on activities performed by personal computer 124. For
example, producing images of geological structures created
from recorded signals. By way of example, a three-dimen-
sional model of the subsurface structure.
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Alternatively, systems and methods of the present disclo-
sure may be implemented, at least in part, with non-transi-
tory computer-readable media 130. Non-transitory com-
puter-readable media 130 may include any strumentality
or aggregation of instrumentalities that may retaimn data
and/or 1nstructions for a period of time. Non-transitory
computer-readable media 130 may include, for example,
storage media such as a direct access storage device (e.g., a
hard disk drive or floppy disk drive), a sequential access
storage device (e.g., a tape disk drive), compact disk,
CD-ROM, DVD, RAM, ROM, electrically erasable pro-
grammable read-only memory (EEPROM), and/or flash
memory; as well as communications media such wires,
optical fibers, microwaves, radio waves, and other electro-
magnetic and/or optical carriers; and/or any combination of
the foregoing.

In examples, rig 206 includes a load cell (not shown)
which may determine the amount of pull on conveyance 210
at the surface of borehole 224. Information handling system
214 may comprise a salety valve (not illustrated) which
controls the hydraulic pressure that drives drum 226 on
vehicle 204 which may reels up and/or release conveyance
210 which may move electromagnetic induction tool 100 up
and/or down borehole 224. The safety valve may be adjusted
to a pressure such that drum 226 may only impart a small
amount of tension to conveyance 210 over and above the
tension necessary to retrieve convevance 210 and/or elec-
tromagnetic induction tool 100 from borehole 224. The
safety valve 1s typically set a few hundred pounds above the
amount ol desired safe pull on conveyance 210 such that
once that limit 1s exceeded, further pull on conveyance 210
may be prevented.

Electromagnetic induction tool 100 may comprise an
clectromagnetic source 138 and/or a receiver 140. In
examples, electromagnetic induction tool 100 may operate
with additional equipment (not illustrated, 1.e. shakers and
equipment for producing shots) on surface 208 and/or dis-
posed 1n a separate well measurement system (not illus-
trated) to record measurements and/or values. As discussed
above, electromagnetic induction tool 100 during operation
may determine the location of first wellbore 102 (e.g.,
referring to FIG. 1) using electromagnetic field and/or eddy
currents

During operations, for example, shallow or ultra-deep
logging operations, of electromagnetic induction tool 100, a
real-time and/or post-processing solutions may be beneficial
to operators. Electromagnetic induction tool 100 may be
disposed 1 complex formations, where at least one cased-
hole well, such as first wellbore 102 (Referring to FIG. 1),
may be disposed nearby. Referring to FIG. 1, first wellbore
102 may be within the detection range of electromagnetic
induction tool 100, a sudden signal variation on the deep
reading measurements may be recorded. This recorded mea-
surement may cause interrupted formation model from
inversion, which 1s undesirable since 1t 1s geological unre-
alistic. However, this type of signal change may be used to
detect conductive member 110 of first wellbore 102, not only
for interpreting the mversion results, but also for raising a
flag to the geosteering engineer to avoid first wellbore 102
during drilling. Furthermore, such signals may be used 1n a
robust iversion to determine formation properties & bed-
boundary positions as well as casing properties and loca-
tions.

A casing indicator method may be utilized to detect first
wellbore 102 or any number of cased-hole wells surrounding,
second wellbore 112. The casing indicator method may
include three types of signals, which may trigger the casing
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indicator. The casing indicator method may include an
interrupted relative formation bed azimuth from deep elec-
tromagnetic measurements, a large fitting error from the
measurement signal processing using 1D formation assump-
tion, a large signal difference between x- and y-component
of the measurements, and survey profiles 1n a particular pad
to indicate a casing nearby. The casing indicator method
may be defined by three signals recorded, measured, and/or
observed from multiple frequencies deep electromagnetic
measurements and/or one method while drilling near exist-
ing wells. The casing indicator method may be utilized in an
inversion to decouple formation properties (such as distance
to bed boundaries positions, formation horizontal & vertical
resistivity, formation dip, etc.) as well as the casing prop-
erties and posmons of the existing wells nearby. In addition,
the inverted casing positions may be further used to correct
the survey uncertainty of the drilling well related to the
existing wells nearby.

Once the casing indicator may be triggered, a unique
inversion may be imtialized to further invert both the
properties ol formation 106 (Referring to FIG. 1) and
conductive member 110 as well as the positions of forma-
tions 106 and conductive member 110. The unique inversion
includes the profile of conductive member 110 1n the mod-
cling calculations so that the inversion may be able to
determine the final position and/or properties of conductive
member 110. The nverted formation properties may com-
pensate for interruption of conductive member 110 1n deep
clectromagnetic measurements. In addition, the inverted
conductive member positions related to the drilling well may
be packaged at a formation data product and sold or pre-
sented to a client, which may include the survey corrections
based on the inverted conductive member positions.

The distance-to-bed-boundary inversions may be
improved by including signals of conductive member 110 1n
the inversion. Correction on survey uncertainty is also
available owing to independent deep electromagnetic mea-
surements at each logging point. The survey data have
accumulated errors, whereas the deep electromagnetic mea-
surements do not have such 1ssue and are truly independent
of each measurement position related to the cased-hole wells
nearby. Additionally, the casing indicator method may pro-
vide additional service base on existing tools hardware and
improve the log interpretation with higher confidence for
evaluations of formations 106 (Referring to FIG. 1), includ-
ing formation resistivity determination (Rh and Av), forma-
tion dip 1nversion, formation distance-to-bed-boundary
inversion. Additional answer product of survey uncertainty
correction may be provided from the nversion.

Acquired during horizontal well drilling through electro-
magnetic induction tool 100, deep electromagnetic measure-
ments may fed into mmformation handling system 122 and
utilized 1 an mversion calculation. The 1nversion calcula-
tion may assumes a ten layered model, in which the results
may be a lowly varying ten layer formation 106 (Referring
to FIG. 1) in which boundaries of formation 106 may be
continuous. In examples, as illustrated 1n FIG. 3, the mea-
sured inverted boundary has a sudden variation as in the
circled area 300, which raises the concern about the inver-
sion accuracy. Analysis shows that this interrupted forma-
tion boundary 1s due to signal changing caused by casing of
nearby wells, such as first wellbore 102 (Referring to FIG.
1).

Besides an 1nversion resistivity curtain plot, three differ-
ent signals may be used to monitor the effect of conductive
member 110. One 1s the interrupted relative formation bed
azimuth as shown 1n FIG. 4. In a 1D (one dimensions) view
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of formation 106, as seen 1n FIG. 3, the azimuth may be
constant. Any sudden change 1n the bed azimuth indicates a
3D effect which may be related to conductive member 110
and this type ol change may be observed in signals of
multiple frequencies. The second is the large 1D fitting error
in the signal processing which may indicate 3D effect as
shown 1n FIG. 5. The identified area 400 1n both FIGS. 4 and
5 shows where the deep electromagnetic measurements may
aflected by the nearby conductive member 112.
Additionally, a nearby conductive member 110 (Referring
to FIG. 1) may be 1dentified by a large difference between
XX and YY component, as illustrated in FIG. 6. In
examples, the induced eddy current in conductive member
110, as discussed above, may form a second electromagnetic
field, which may be sensed, measured, and/or recorded by
receiver 130. Receiver 130 may measure amplitude of the
second electromagnetic field. Components of the second
clectromagnetic field may be XX and/or YY. It should be
noted that the XX measurement may be a measurement
along the X-axis and the YY measurement may be a mea-
surement along the Y-axis, relative to receiver 130. The XX
or YY measurement may be close to the parallel position to
conductive member 110, which may induce a strong signal,
while the other signal 1s perpendicular to conductive mem-
ber 110, which may induce a weak signal. Using the equa-
tion, | XX-YYI, one measurement, the perpendicular mea-
surement, may be about zero. In such a case, the absolute
value from the equation may be the parallel measurement.
FIG. 6 shows the amplitude of IXX-YY| and the i1dentified
area 600 may indicate where electromagnetic induction tool
100 may have measure conductive member 110 nearby. As
illustrated, the amplitude 1s larger than other recorded ampli-
tude. Specifically, large means at least a ten percent increase

(positive or negative) from previous measurements.

FIG. 7 illustrates conductive member detection method
700. In step 702, the IXX-YY| amplitude obtained to indi-
cate the presence of conductive member 110 (Referring to
FIG. 1). If the amplitude 1s large, then in step 704, the
measured signal may be combined with the survey data
among multiple wells as the casing indicator, discussed
above, which may trigger the casing indicator, step 706.
Once the casing indicator 1s triggered, the 1D deep resistiv-
ity mversion may be switched to a 3D inversion. The 3D
inversion may include a possible position of conductive
member 110 as an mitial model before the inversion. Both
formation resistivity and resistivity of conductive member
110 may be inverted 1n the mmversion.

In step 706, a thin-wire approximation may be used for
resistivity calculation of conductive member 110 (Referring,
to FIG. 1) to speed up 3D modeling computations. In step
708, the 3D inversion may be utilized to mvert both resis-
tivity of formation 106 and/or properties of conductive
member 110. In step 710, the inverted position of conductive
member 110 may be used to correct the survey uncertainty
of the dnlling well related to the existing wells, such as first
wellbore 102, nearby. The method 1s not only applicable for
deep electromagnetic tools but also for shallow tools.

It should be noted that the methods discussed above may
be utilized to further determine the properties of the casing
and/or conductive members disposed in second wellbore 112
in which electromagnetic sensor system 100 may be dis-
posed.

Statement 1. A method for detecting a conductive member
in a formation may comprise disposing an electromagnetic
induction tool mto a wellbore. The electromagnetic induc-
tion tool may comprise at least one electromagnetic source,
wherein the at least one electromagnetic source 1s configured
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to emit an electromagnetic field and at least one receiver.
The method may further comprise transmitting the electro-
magnetic field from the at least one electromagnetic source,
energizing the conductive member 1n a second wellbore,
wherein an eddy current 1s induced 1n the conductive mem-
ber, transmitting a second electromagnetic field from the
conductive member, wherein the second electromagnetic
field 1s formed by the eddy current, sensing the second
clectromagnetic field with the recerver, recording an ampli-
tude of the second electromagnetic field as data, and trans-
mitting the data to an iformation handling system.

Statement 2. The method of statement 1, wherein the
amplitude comprise an XX signal and an YY signal.

Statement 3. The method of statements 1 or 2, wherein the
amplitude 1s processed using IXX-YY| to determine the
presence of the conductive member.

Statement 4. The method of statements 1 to 3, further
comprising comparing the amplitude to a survey data,
wherein the survey data includes data from at least one other
wellbore.

Statement 5. The method of statements 1 to 4, further
comprising triggering a casing indicator, wherein the ampli-
tude and the survey data indicate at least one other wellbore
1s 1n the o1l field.

Statement 6. The method of statements 1 to 5, further
comprising switching from a 1D inversion to a 3D inversion
and running the 3D inversion to invert a property of a
formation or a property of the conductive member.

Statement 7. The method of statements 1 to 6, further
comprising updating the survey data with the property of the
formation or the property of the conductive member.

Statement 8. The method of statements 1 to 7, wherein the
clectromagnetic induction tool 1s disposed on a conveyance.

Statement 9. The method of statements 1 to 8, wherein the
clectromagnetic induction tool 1s disposed on a drill string.

Statement 10. The method of statements 1 to 9, further
comprising changing directions of the drill string based at
least 1n part on the amplitude.

Statement 11. A system for detecting a conductive mem-
ber 1n a formation may comprise an electromagnetic iduc-
tion tool. The electromagnetic induction tool may comprise
at least one electromagnetic source, wherein the at least one
clectromagnetic source 1s configured to emit an electromag-
netic field, and at least one receiver, wherein the at least one
receiver 1s configured to measure an amplitude of a second
clectromagnetic field. The system may further comprise an
information handling system configured to process the
amplitude of the second electromagnetic field using [XX-
YY| to find an absolute value of the amplitude, and com-
paring the absolute value to at least one other measurement
recorded by the at least one recerver.

Statement 12. The system of statement 11, wherein the
information handling system 1s further configured to com-
pare a survey data to the absolute value of the amplitude.

Statement 13. The system of statements 11 or 12, wherein
the information handling system 1s turther configured to run
a 3D 1nversion to invert a property of a formation or a
property of the conductive member.

Statement 14. The system of statements 11 to 13, wherein
the information handling system 1s further configured to
update the survey data with the property of the formation or
the property of the conductive member.

Statement 15. The system of statements 11 to 14, wherein
the electromagnetic mduction tool 1s disposed on a convey-
ance.
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Statement 16. The system of statements 11 to 135, wherein
the electromagnetic induction tool 1s disposed on a dnll
string.

Statement 17. A method for detecting a conductive mem-
ber 1n a formation may comprise measuring an XX and YY
of an amplitude from an electromagnetic field with a
receiver, using | XX-YY| to find an absolute value of the
amplitude, comparing the absolute value to a survey data,
triggering a casing indicator, wherein the amplitude and the
survey data indicate at least one other wellbore 1s 1n the o1l
field, and switching from a 1D inversion to a 3D inversion
and running the 3D 1inversion to invert a property of a
formation or a property of the conductive member.

Statement 18. The method of statement 17, further com-
prising updating the survey data with the property of the
formation or the property of the conductive member

Statement 19. The method of statements 17 or 18, wherein
the electromagnetic mduction tool 1s disposed on a convey-
ance.

Statement 20. The method of statement 17 to 19, wherein
the electromagnetic induction tool 1s disposed on a dnll
string.

The preceding description provides various examples of
the systems and methods of use disclosed herein which may
contain different method steps and alternative combinations
of components. It should be understood that, although
individual examples may be discussed herein, the present
disclosure covers all combinations of the disclosed
examples, including, without limitation, the different com-
ponent combinations, method step combinations, and prop-
ertiecs ol the system. It should be understood that the
compositions and methods are described 1n terms of “com-
prising,” “containing,” or “including” various components
or steps, the compositions and methods can also “consist
essentially of” or “consist of” the various components and
steps. Moreover, the indefinite articles “a” or “an,” as used
in the claims, are defined herein to mean one or more than
one of the element that 1t introduces.

For the sake of brevity, only certain ranges are explicitly
disclosed herein. However, ranges from any lower limit may
be combined with any upper limit to recite a range not
explicitly recited, as well as, ranges from any lower limait
may be combined with any other lower limit to recite a range
not explicitly recited, in the same way, ranges from any
upper limit may be combined with any other upper limait to
recite a range not explicitly recited. Additionally, whenever
a numerical range with a lower limit and an upper limit 1s
disclosed, any number and any included range falling within
the range are specifically disclosed. In particular, every
range of values (of the form, “from about a to about b,” or,
equivalently, “from approximately a to b,” or, equivalently,
“from approximately a-b”) disclosed herein 1s to be under-
stood to set forth every number and range encompassed
within the broader range of values even if not explicitly
recited. Thus, every point or individual value may serve as
its own lower or upper limit combined with any other point
or individual value or any other lower or upper limit, to
recite a range not explicitly recited.

Therefore, the present examples are well adapted to attain
the ends and advantages mentioned as well as those that are
inherent therein. The particular examples disclosed above
are 1llustrative only, and may be modified and practiced 1n
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. Although
individual examples are discussed, the disclosure covers all
combinations of all of the examples. Furthermore, no limi-
tations are intended to the details of construction or design
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herein shown, other than as described 1n the claims below.
Also, the terms in the claims have their plain, ordinary
meaning unless otherwise explicitly and clearly defined by
the patentee. It 1s therefore evident that the particular 1llus-
trative examples disclosed above may be altered or modified
and all such variations are considered within the scope and
spirit of those examples. It there 1s any contlict in the usages
of a word or term 1n this specification and one or more
patent(s) or other documents that may be incorporated

herein by reference, the defimtions that are consistent with
this specification should be adopted.

What 1s claimed 1s:

1. A method for detecting a conductive member 1 a
formation comprising;

disposing an electromagnetic induction tool 1nto a well-

bore, wherein the electromagnetic mnduction tool com-

Prises:

at least one electromagnetic source, wherein the at least
one electromagnetic source 1s configured to emit an
clectromagnetic field; and

at least one receiver;

transmitting the electromagnetic field from the at least one

clectromagnetic source;

energizing the conductive member 1n a second wellbore,

wherein an eddy current 1s induced in the conductive
member;

transmitting a second electromagnetic field from the con-

ductive member, wherein the second electromagnetic
field 1s formed by the eddy current;

sensing the second electromagnetic field with the

recelver:;

recording an amplitude of the second electromagnetic

field as data, wherein the amplitude comprises an XX
signal and an Y'Y signal;

transmitting the data to an information handling system;

and

processing the amplitude using [ XX-Y Y| to determine the

presence ol the conductive member.

2. The method of claim 1, further comprising comparing,
the amplitude to a survey data, wherein the survey data
includes data from at least one other wellbore.

3. The method of claim 2, further comprising triggering a
casing indicator, wherein the amplitude and the survey data
indicate at least one other wellbore 1s 1n the o1l field.

4. The method of claim 3, further comprising switching
from a 1D inversion to a 3D mnversion and running the 3D
inversion to invert a property of a formation or a property of
the conductive member.

5. The method of claim 4, further comprising updating the
survey data with the property of the formation or the
property of the conductive member.

6. The method of claim 1, wherein the electromagnetic
induction tool 1s disposed on a conveyance.

7. The method of claim 1, wherein the electromagnetic
induction tool 1s disposed on a dnll string.

8. The method of claim 7, further comprising changing
directions of the drill string based at least in part on the
amplitude.

9. A system for detecting a conductive member 1 a
formation comprising:

an electromagnetic induction tool, wherein the electro-

magnetic induction tool comprises:

at least one electromagnetic source, wherein the at least
one electromagnetic source 1s configured to emit an
clectromagnetic field; and
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at least one receiver, wherein the at least one receiver
1s configured to measure an amplitude of a second
clectromagnetic field; and

an information handling system configured to:

process the amplitude of the second electromagnetic
field using | XX-YY| to find an absolute value of the
amplitude, and

comparing the absolute value to at least one other
measurement recorded by the at least one receiver.

10. The system of claam 9, wherein the information
handling system 1s further configured to compare a survey
data to the absolute value of the amplitude.

11. The system of claim 10, wherein the information
handling system 1s further configured to run a 3D inversion
to invert a property of a formation or a property of the
conductive member.

12. The system of claim 11, wherein the information
handling system 1s further configured to update the survey

10

15

data with the property of the formation or the property of the »g

conductive member.
13. The system of claim 9, wherein the electromagnetic
induction tool 1s disposed on a conveyance.

14

14. The system of claim 9, wherein the electromagnetic
induction tool 1s disposed on a dnll string.
15. A method for detecting a conductive member in a
formation comprising:
measuring an XX and YY of an amplitude from an
clectromagnetic field with a recerver disposed on an
clectromagnetic induction tool;
using I XX-YY| to find an absolute value of the amplitude;
comparing the absolute value to a survey data;
triggering a casing indicator, wherein the amplitude and
the survey data indicate at least one other wellbore 1s 1n
the o1l field; and
switching from a 1D inversion to a 3D inversion and
running the 3D inversion to invert a property of a
formation or a property of the conductive member.
16. The method of claim 15, further comprising updating
the survey data with the property of the formation or the
property of the conductive member.
17. The method of claim 15, wherein the electromagnetic
induction tool 1s disposed on a conveyance.
18. The method of claim 15, wherein the electromagnetic
induction tool 1s disposed on a dnll string.
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